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Abstract
The engineering structures are mostly constructed directly in contact with the ground and the response between the soil and the structure
is termed as soil-engineering structure interaction. Peat is considered as unsuitable soil for supporting foundations in its natural state due
to the high moisture content (>100%), high compressibility (0.9 - 1.5) and low shear strength (5-20 kPa) values. Peat also contains high
organic matter (>75%), large deformation, high compressibility and high magnitude and rates of creep. Settlement is a common 
phenomenon in peat soil. The objectives of this study are to investigate and to analyse the deformation behaviour of the peat soil based on
physical modelling and to critically compare it with sand. A model size of 200cm x 50cm x 90cm was used with instrumentation
(Displacement Transducers) to investigate and observed the deformation. The two different materials that were used are peat (remoulded
hemic) and sand. Based on the results, deformation in sand corresponds to general bearing capacity failure and deformation in peat shows
punching shear failure.
© 2013 The Authors. Published by Elsevier Ltd.
Selection and/or peer-review under responsibility of the Research Management & Innovation Centre, Universiti Malaysia
Perlis.
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1. Introduction
All materials deformed when subjected to loads. For soil, the load deformation relationship is usually complex, varying
widely with different soils and particularly in the plastic range of cohesive soils, where time plays a major role [4]. The
settlement increases in magnitude with an increase in load, although not linearly.
Road construction over peat presents great challenges to road builder due to the engineering properties of peat which
have high water content (more than 100%), high compressibility (0.9 to 1.5) and low strength (typically 5 20 kPa). In
order to construct a safe, stable and serviceable road, road engineers have to overcome these engineering problems and find
suitable solutions to construct roads on peat soil. The challenges faced by engineers in road construction over peat include
limited accessibility and possibility of stability problems [15]. Hence, construction process such as the construction of 
building and road on peat soil has become more complex.
Road embankments constructed on peat soils have experienced large total and differential settlements, slope failures,
global instabilities, and long term excessive settlements. The construction of embankments on peat tends to result in sliding
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failure or settlement of substrata.
The rate of settlement of peat and soils with high organic content are generally greater than those low organic contents.
Also, long term creep settlement of peat and soils with high organic contents are generally much higher and more significant
than those of low organic content.
The   higher concentration of load over the central support of a building or road construction, will affect the peat soil to
settle more. The force applied and the resulted settlement at the finally adjusted condition can only be obtained through
interactive analysis of the soil- structure [12].
The consolidation and settlement of peat under load has been recognized to be an extremely complex process and
intending road builder planning a construction of a peat land is faced with a major practical problem in predicting and 
quantifying the magnitude and rate of consolidation and settlement of a particular peat deposit [9]. The compression of peat 
is much larger than that of other soils [12]. 
Ferguson (as cited in [13]), stated that physical models have served important functions in engineering research, practice
and education for hundreds of years. In additional, the full scale experiments are very expensive, difficult to run, and are
hard to repeat [8]. Hence, because of this reason, this study has been conducted based on physical models. Settlement is a
common phenomenon in peat soil. This issue is of main concern in this design and construction of physical model study.
For soil, the load deformation relationship is usually complex, varying widely with different soils and particularly in the 
plastic range of cohesive soils, where time plays a major role [4].
In this study, a two dimensional model was conducted to closely look at the deformation behavior in peat soil. The 
objectives of this study are:
(a) To investigate and analyse the deformation behaviour of the peat soil based on physical modeling,
(b) To critically compare and analyse the peat behaviour with other non-organic material (sand).
2. Problem Statements
Figure 1 shows the columns that support a house which was built on peat soil. This figure was taken during a site
upants. The figure also shows the distribution of load in a column due to the soil structure
interaction. A gap can be clearly seen between column and footing. This is due to low bearing capacity and the settlement of 
the peat soil to support the load from the superstructure.
Fig. 1. Settlement on peat soil, Parit Nipah, Johor (Author, 2011)
The settlement refers to the vertical downward displacement at the base of a foundation or other structure due to ground 
movement [14]. Figure 2 shows the settlement plate that has been installed at MARDI Peat Research Station (MARDI
PRS), Pontian, Johor. This settlement plate had sunk about 1.16 m. The author identified that the depth of the peat in this
area was approximately 3.8m.
Gap
Load
Gap
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Figure 2: Settlement on peat soil, Pontian, Johor. (Author, 2010) 
3. Properties of Pontian Peat Soil 
Peat has been identified as one of the major group of soil in Malaysia. The area covered by peat deposit is about 3.0 
million hectares or 8% of the total area of Malaysia [2]. Peat soil is one of the softest and most troublesome of the soft soils 
in engineering terms and is subjected to instability and massive primary and long-term consolidation settlements [7]. Peat is 
a challenging soil because it can cause undesirable and unpredictable settlement [16]. Peat also has extremely high water 
content and the wet density of peat approximates the density of water [10]. There are two types of peat deposit, the shallow 
deposit usually less than 3m thick while the thickness of deep peat deposit in Malaysia exceeds 5m [6].The peat sample was 
collected from MARDI- PRS, Pontian, Johor. The disturbed sample was taken not more than 0.5m depth due to the high 
water table. The engineering properties of Pontian peat soil are summarized and compared with other location in Table 1. 
 
Table 1 Properties of pontian peat soil 
 
 
Properties 
 
West Malaysia Peat 
and Organic Soil 
 
East Malaysia Peat 
and Organic Soil 
 
Johore Hemic Peat  
(MARDI-PRS, Pontian) 
 
Pontian Peat Soil 
Natural Water Content, W 
(%) 200-700 200-2207 230-500 848.7 
Liquid Limit, LL (%) 190-360 210-550 220-250 - 
Plastic Limit, PL (%) 100-200 125-297 - - 
Plasticity Index, PI (%) 90-160 85-297 - - 
Specific Gravity (Gs) 1.38-1.70 1.07-1.63 1.48-1.8 1.46 
Organic Content (%) 65-97 50-95 80-96 99.20 
Unit Weight (kN/m3) 8.3-11.5 8-12 7.5-10.2 9.8 
Refs. Bujang (2004) Bujang (2004) Zainorabidin and Bakar (2003) Author 
 
4. Method 
Physical modelling is considered as an attractive alternative to study the peat soil  structure interaction. The purpose of 
this physical model study is to acquire a basic understanding about the deformation of peat soil when load was applied on it. 
The physical model method includes a process of physical modelling of the structure and experimental techniques of 
analysis applied on a physical model [1].  A flow chart in Figure 3 shows the main focus in this study.  
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Fig. 3: Flow chart of study
5. Sample Preparation
A suitable sieve was used to obtain a uniform size of peat soil. Therefore, in this study, a metal mesh (25mm x 8mm) has
been used to replace the usual sieve because it can only produce a limited amount of the required sample. Large fiber 
content such as wood in the peat soil was removed and the peat that passes the sieve has been taken as the suitable sample
for this study as shown in Figure 4.
Fig. 4. Sieve sample
6. Instrumentation
Instrumentations often play an important role in defining site condition during the design phase of a project [5]. The
behavior of the model study is observed in terms of stress in the soil. A data logger system collects data from the three
displacement transducers. Figure 5 shows the location of instrumentations.  In addition, digital images have been captured 
through the Perspex wall of the box using a digital camera for the settlement observation.
Fig. 5:  Location of instrumentations
Physical Model 
Study
Pre- Model 
Study
Sand Peat
Real Model 
Study
Sand Peat
FibrePeat
Metal Mesh
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7. Pre-Model Study 
Two different sizes of the box model have been used in this physical model study. Pre- model studies were done before 
implementing it to the plane strain model. The box (35cm x 2cm x35cm) model for peat soil was constructed with the 
polystyrene as an indicator. The polystyrene was arranged in a few layers, so that any deformation occurs can be seen 
clearly when load apply on it. While for the sand, fine coal and laterite soil were used as an indicator. Figure 6 shows the 
design for pre-model study with 5 mm plate as a place to support loading. Gap between each layer is 5 cm. Figure 7 shows 
d 
on it. Figure 8 shows the d
sand, general shear failure occurred and for peat soil punching shear occurred.  
 
 
 
 
 
 
Fig 6: Design for Pre- Model Study 
 
 
 
 
 
 
 
 
 
Fig. 7: Before loading (a) sand, (b) peat 
 
 
 
 
 
 
 
\ 
Fig. 8: After loading; (a) sand, (b) peat 
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For peat soil, some further researches have been done in order to find the suitable settlement indicator.  Figure 9 shows
the testing to determine a suitable settlement indicator for peat. Three different layers which consisted of sand in the first 
layer, followed by polystyrene that cuts into 10mm pieces. The bottom layer used was polystyrene in 5mm pieces. The
author observed sand gave a better result compared to polystyrene. The selection of indicator was based on the visibility and 
weight of the material. Thus, sand was used as a settlement indicator for the next phase of the study.
Fig. 9: Simple testing to determine the indicator for peat soil; (a) Consolidation stage, (b) Loading stage, (c) After 24 hours and (d) Load increases
8. The Plain Strain Physical Model Study
For the plain strain physical model study, the box with dimensions of 200cm in length, 50cm in width and 90cm in depth
with a transparent perspex plates as a wall has been used. To minimize friction between soil and the box, plastic sheeting
was attached to the inner sides of the box. Grid paper has been installed in the outer side of the box. Sand has also been
added at both ends of the box as a filter. Figure 10 shows a model setup. Four different locations have been chosen depends
on the result from pre- model study. The locations of displacement transducers as shown in Figure 11.This study has been 
observed in 2D.
The main feature in this study is a large model box in which any deformation can be seen clearly from the perspex wall
that's attached to the box. There were 2 types of testing that have been conducted which are for dry sand (DS), and peat (PT). 
The displacement transducers were connected to the data logger in order to collect the data.
Fig. 10: Design for Real Model Study
(a) (b)
(d)(c)
Sa
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Fig. 11: Location of Displacement Transducers (Plan view)
The models for this study have been constructed as sand as placed into the box that attached with instrumentations. The
fine coal layers as a settlement indicator were also placed in layers. The gap between each coal layers were 6 cm. The sand
was placed until 80 cm depth. The constant static loads (1.25kg, 2.5kg, 5kg, 10kg, 20kg, 40kg, and 80kg) have been applied
to the surface of the sand. An embankment, which is represented by a plate size 50cm x 25cm x 0.5cm, is placed on the soil
surface. The data were collected for 24 hours before a new load was applied. The load was increased with an increment of 2.
This test then repeated with peat soil. However for the peat soil, the settlement indicator sand (passing 1.18mm mesh sieve)
was used.
The interaction between peat/sand with the structure has been recorded based on any deformation occurred at the various
locations. Figure 12, shows the conditions of dry sand and peat before load applied on it.
Fig. 12: Before loading; (a) dry sand, (b) peat.
Figure 13 shows the patterns that were obtained after loads were applied on the dry sand and the peat. The author has
increased the load after 24 hours. For peat, it was observed that the settlement occurred immediately after the load was
applied. It was also observed that the general shear failure occurred in dry sand whereas in peat punching shear failure
occurred. In line with other studies, this punching shear usually occurs in soil with high compressibility.
(a) (b)
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Fig. 13: After loading; (a) dry sand, (b) peat.
9. Results
The pattern for dry sand failure after maximum load applied is as shown in Figure 14. The total settlement under plate for 
dry sand is less than 1 cm. The coordinates to obtain these layers were read manually from the grid paper that was installed
in front of the large box. Plate with size 50 cm x 25 cm x 10 cm was used for sand and peat soil. General shear failure
occurred.
Fig.
The detail for the peat deformation pattern was shown clearly in Figure 15. The author can conclude that punching
shear occurred when high load applied on peat soil. Failure take place immediately below the plate and at a distance of 40 
cm from center remains unaffected.
Fig.
Four different locations that discussed in this paper (DT1, DT3, DT4 and DT5 as shown in Figure 11) give the different 
value of settlement. Figure 16, 17, 18 and 19 shows the relationship between settlement and time that occur in dry sand and
peat. Settlement of peat was higher compared to the sand. The maximum settlement at DT1 for dry sand is -3.37 mm and for 
peat soil is -12.37 mm.  For DT3, the maximum settlement is -1.27 mm and -12.56 mm for dry sand and peat respectively.
(b)
Siti Nooraiin Mohd Razali rocedia E ngineering (2013) 
(a)
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For DT4 which is located above the plate shows the maximum settlement for dry sand is -5.58 cm and for peat is -83.59 cm. 
For DT5, the maximum settlement is -1.54 mm for dry sand and -9.04 mm for peat. 
Fig. 16: Settlement vs. time at DT1
Fig. 17: Settlement vs. time at DT3
Fig. 18: Settlement vs. time at DT4
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Figure 19: Settlement vs. time at DT5 
 
Settlement occurs on peat deposit when loaded with additional weight or when groundwater level are lowered [3]. The 
high settlement occurred in peat compared to sand because of the factors that contribute to the settlement occurring in 
particular location including geotechnical characteristics of the peat, the thickness of the peat deposit, existing pressure on 
the peat, change in pressure on the peat and the historic loading of the peat. The settlement increases in magnitude with an 
increase in load, although not linearly [4].  
Figure 20 shows the comparison of settlement measured by displacement transducer for dry sand and peat soil at four 
different points. It shows that the settlement in peat was higher compared to the dry sand.  The higher settlement occurs at 
DT4 because this instrument was located above the plate. The settlement decrease with the increasing of distance from the 
centre.    
 
 
 
Fig. 20: Dry sand vs. Peat 
10. Conclusions 
The small scale model was conducted in this study for hemic peat from MARDI- PRS, Pontian, Johor. This study was to 
investigate and analyse the deformation behaviour of the peat soil based on physical modeling and to critically compare and 
analyse the peat behaviour with other non-organic material (sand). The following conclusion can be derived from this study: 
(a) The suitable settlement indicator to identify any deformation pattern that occurred for peat soil is sand. The size of 
sand used passed 1.18 mm sieve mesh. While for the sand, coal was used successfully as the settlement indicator.  
(b) Peat soil settles more compared to dry sand when same load was applied on its surface.  The different locations 
give the different settlement.  
(c) High settlements were observed in the location near/ under the structure itself. In this study, it was recorded on the 
plate itself (DT4)  
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 Before running the full scale testing, it is important to do the physical modeling. This physical model can help to reduce 
the cost and time of construction. It allows the visualization from examining the model, of information about the thing the 
model represents. Based on this study, hopefully it will help engineers and students to get a clear understanding about the 
deformation behaviour and stress distribution in peat soil based on the physical modelling. Based on the success of the study, 
RECESS planned to build a full scale trial embankment on peat.  
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